Bone pain in elderly people dramatically affects their quality of life, with osteoporosis being the leading cause of skeletal related events. Peripheral and central mechanisms are involved in the pathogenesis of the nervous system sensitization. Osteoporosis in the elderly has been associated with increased density of bone sensory nerve fibers and their pathological modifications, together with an over-expression of nociceptors sensitized by the lowering pH due to the osteoclastic activity. The activation of Nmethyl-D-aspartate (NMDA) receptors and the microglia, as a response to a range of pathological conditions, represent the leading cause of central sensitization. Unfortunately, osteoporosis is named the "silent thief" because it manifests with painful manifestation only when a fracture occurs. In the management of patients suffering from bone pain, both the nociceptive and the neuropathic component of chronic pain should be considered in the selection of the analgesic treatment.
Introduction
Managing bone pain is a frequent challenge for clinicians, mainly observed in elderly patients. Bone pain can dramatically worsen functional capacity and quality of life of affected people. Severe chronic pain affects 19% of European adults; in Italy, this percentage reaches 26%. Osteoarthritis (OA) is the main cause of chronic bone pain (1) , however most of these patients are affected by metabolic disorders, such as osteoporosis (OP) (1) . Osteoporotic fractures, particularly in the hip, result in disability with reduction of performance, as measured by the activities of daily living (ADL), and are associated with increased nursing home and rehabilitation hospital admissions (2, 3) . Severe bone pain caused by osteoporosis, when untreated or undertreated, can quickly lead to central sensitization (4) ; thus it can contribute to clinical manifestation of osteoporotic pain and to its chronicization (5, 6) . The aim of this review is to investigate the mechanisms of osteoporotic pain, focusing on peripheral and central mechanisms of sensitization.
Methods
We searched PubMed, EMBASE, and the Cochrane Database using the following search terms: "osteoporosis" or "metabolic bone disease" and "pain" or "chronic pain". Studies were included in the review if they were RCTs, review or guidelines; limits: English language, human adults.
Peripheral mechanisms of bone pain
Bone is not more considered an inanimate tissue, but is a widely innervated one; moreover bone innervation has a fundamental role in the regulation of physiological phenomena as the local blood flow and bone remodelling (7, 8) . The adult skeleton is innervated largely by thinly myelinated, Tropomyosin Receptor Kinase A (TrkA)+ sensory nerve fibers (A-delta) and the peptide-rich Calcitonine-Gene Related Peptide (CGRP), and receives little if any innervation by the larger more rapidly conducting A-beta fibers or the TrkA-, unmyelinated peptide-poor C-fibers (9, 10) . It is important to underline that, whereas bone mass and strength decline with age, density of sensory nerve fibers in the tissue does not decline in older age, therefore the bone innervation "density" increases with age (10) . Previous studies have shown that sympathetic nerve fibers in bone can regulate bone destruction, bone formation, vasodilation, vasoconstriction, macrophage infiltration and bone progenitor cell function. Thus, those nerve fibers have a central role in a great number of diseases progression in both cartilage (i.e. rheumatoid arthritis) and bone (i.e. osteoporosis -OP); for this reasons it is demonstrated that they play a significant role in the physiopathology of bone pain (11) (12) (13) (14) . It is reasonable to assume that the sympatic nervous system and other mediators are involved in a complex network of interactions, resulting in an increased bone resorption and patchy OP in complex regional pain syndrome (CRPS) (15) ; in fact several trials are exploring a pharmacological blockade of the β-adrenergic system, Bone pain mechanism in osteoporosis: a narrative review by using β-blockers, on post-menopausal OP (16, 17) . However the argument about the influence of β-blockers on bone mass density seems to be endless and He et al. conclude that only definitive, randomized and controlled trials of β-blockers, with skeletal related events (SREs) as clinical endpoint, will be able to get solid evidence supporting the hypothesis that β-adrenergic system could contribute to postmenopausal bone health (15) . Moreover, following skeleton injury, sympathetic nerve fibers can modulate sensory nerve fibers function and this pathological interaction between sensory and sympathetic nerve fibers may play a role in CRPS (18) . During osteoclasts hyperactivity, transient receptor potential vanilloid 1 (TRPV1) and acid-sensing ion channel-3 (ASIC-3), which are acid sensing ions channels, are overexpressed by nociceptors on sensory neurons; and they are excited and sensitized by a decrease in pH (19, 20) . It has been suggested that local acidosis, caused by production of extracellular protons, may also be involved in sensitizing the primary afferents in bone, through the activation of ASICs-3 (19) . An imbalance between osteoblastic and osteoclastic activity is demonstrated in bone cancer but also in metabolic diseases such as OP, and this increased osteoclastic activity is associated with bone pain (20) . At our knowledge, there are no papers that studied the relationship between osteoclastic activity and osteoporotic pain, but it is well known that osteoclastic cells play a fundamental role in bone cancer pain. The increased osteoclast proliferation and activation observed in cancer-induced bone pain are connected to an increased production and release of Receptor Activator of Nuclear Factor K (RANK) ligand (RANK-L). The tumor interrupts the normal balance between RANK and RANK-L by increasing secretion of RANK-L from both cancer cells and T cells, thus accelerating bone degradation (21) (22) (23) (24) . The high affinity nerve growth factor (NGF) receptors Trk A may be expressed by skeleton sensory nerve fibers; these receptors mediate the multiple effects of NGF, including neuronal differentiation and survival (9, 25) . A significant increase in TrkA+ nerve fibers can been observed following skeleton injury or disease; moreover endogenous stromal cells as well as inflammatory and immune cells can produce NGF causing pathological alterations of bone innervation (26) (27) (28) . Therefore several mechanisms contribute to generate and maintain pain in OP: -increasing density of bone sensory nerve fibers in the elderly; -sensory nerve fibers expressing nociceptors sensitized by the lowering pH (as observed during osteoclastic activity); -bone sensory nerve fibers that undergo pathological modifications during bone pathological processes. The periosteum receives the majority of sensory innervation of any other compartment of the skeleton. In the periosteum, the A-delta and C-sensory nerve fibers are arranged in a fishnet-like pattern, which appears to be designed to act as a 'neural net' to detect mechanical injury or distortion of the underlying cortical bone (29) . In the cortical bone, both A-delta and C-fibers typically colocalise with blood vessels that run through the Haversian and Volkmann canals; however it is clear that the majority of blood vessels in these canals is not innervated by sensory nerve fibers. This may be one of the reasons why bone microfractures may not at least initially be perceived as painful (26) . For this reason OP is named the "clinically silent thief", because pain is perceived only when pathological fractures occur, probably detected by mechanotransducers expressed by the A-delta and C-sensory fibers (26) . Moreover, regarding mechanoceptors, we well know that those who transmit cutaneous pain sensation are both mechano-sensitive (CM) and mechano-insensitive (CMi) fibres, the last showing a lower initial conduction velocity, more activity-dependent conduction velocity slowing, and more prominent post-spike supernormality. After sensitization with NGF, the electrical signal of CMi fibres changes towards a profile similar to that of CM fibres, influencing chronic pain states (30) . Finally, neuropeptides play an important role in the pathogenesis of OP, which may cause pain and influence the bone microstructure (31) . In particular, a number of neuropeptides, such as substance P (SP), CGRP, vasoactive intestinal peptide (VIP) and neuropeptide Y (NP-Y) are synthesized in sympathetic nerves and released from their peripheral terminals, which were found in the bone and periosteum tissue. These neuropeptides have been implicated in the regulation of local bone turnover in addition to nociception, inflammation, angiogenesis, and cellular proliferation. This indicates that neuropeptides may be modulators of bone metabolism, affect bone microstructure, and are involved with the pathogenesis of OA and OP (32) . Patients suffering from OA and OP present varying degrees of pain, although the mechanism is unclear. Xiao et al. (31) showed that VAS score, both in OA and OP patients, was positively correlated with several neuropeptides levels (SP, CGRP, VIP). These results implied that these peptides are involved in pain generation.
Central sensitization
Nociceptor inputs can trigger a prolonged increase in the excitability and synaptic efficacy of neurons in central nociceptive pathways, leading to a central sensitization. The typical clinical manifestations of central sensitization are: pain hypersensitivity, dynamic tactile allodynia, secondary punctate or pressure hyperalgesia, and enhanced temporal summation. This mechanism involves the activation of N-methyl-D-aspartate (NMDA) receptors and the release of SP, which amplifies pain, by causing the spinal neurons to be easily stimulated (6) . In particular, glutamate release by sensory afferent neurons acts on a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors, when the impulse is acute and brief. However, if repetitive and high-frequency stimulus from C-fibres are received, amplification and prolongation of the response occurs, known as windup, through activation of the NMDA receptors. Normally, NMDA receptors are blocked by the ion Mg2+, however, under continuous stimulation this "cork" is removed. The removal of the Mg2+ block is probably facilitated by the co-release of SP and CGRP from Cfibres (33, 34) . This enhanced NMDA receptors activation plays a role in inflammatory and neuropathic pain states (35, 36) and results in the activation and exacerbation of secondary hyperalgesia. They also initiate translational changes of the second-order neurones, which might be a crucial link in the pathogenesis of chronic pain (37, 38) . Moreover, the spinal cord is an important pain processing crossroad receiving input from peripheral neurones, inter-neurones, astrocytes and microglia, and descending modulatory inhibitory pathways. Neuroplasticity, or the physical remodelling of neuronal cytoarchitecture, occurs shortly after the onset of persistent acute pain and leads to the transition from acute pain into a chronic pain state. As a result of a peripheral lesion that persistently generates pain impulses to the spinal cord, inhibitory inter-neurones, responsible for modulating painful nerve transmission impulses, eventually die. Furthermore, glial cells may contribute to the remodelling of neuronal synapses, in order to intensify nociceptive transmission. These pain-transmitting neurones become more sensitive, react more intensely to painful stimuli, and more connections grow up within the CNS (39). As mentioned above, spinal glial activation is now considered an important component in the development and maintenance of central sensitization (40):
• The microglia seems to respond to a range of pathological conditions such as ischemia, infections and mechanical insults, modifying itself in such a way that the risk of complicating pain with a neuropathic component is incremented;
• The release of proinflammatory mediators leads to an activation of glia, which tends to self-renew and causes excessive stimulation of the spinal cord gray matter, producing sensory disturbances typical of the neurological damage. If peripheral sensitization and neuronal sensitivity long-term potentiation in the dorsal horn of the spinal cord occur, it is very likely the transition from an acute to a chronic process. Changes in nociceptor function can be broadly divided into modulation or modification. Modulation represents reversible changes in the excitability of primary sensory and central neurones mediated by post-translational modifications of receptors and ion channels by activation of intracellular signaltransduction cascades. Modification represents long lasting alterations in the expression of transmitters, receptors, and ion channels or in the structure, connectivity, and survival of neurones; therefore the cytoarchitecture is modified altering normal stimulusresponse characteristics (41) . Modification is the more plausible link explaining the transition from acute to chronic pain (42). The described changes in upregulation of dynorphin, CGRP and SP in the spinal cord, astrocyte hypertrophy and microglial activation (43) explain phenomena such as increased skeletal pain-related behaviours, enhanced phosphorylation of NMDA receptor NR-1 subunits, increased expression of NR2B (an NMDA receptor subunit), and interleukin-1β released from glial cells. Moreover it is important to underline that injury to the skeleton seems to be much more effective in inducing central sensitization as compared to injury to skin or muscle (44) . Unfortunately, nowadays our knowledge of the specific mechanisms that drive central sensitization in chronic skeletal pain is limited, but we hope that in the future we can understand these changes that generate and maintain central sensitization, in order to design targeted therapies to treat the central sensitization.
Clinical aspects
OP, the "silent thief", causes few symptoms for long time. It steals for years calcium from bone and then manifests with painful manifestation only when a fracture occurs. The most frequent is the vertebral compression fracture in the spine. Most cases occur in the thoraco-lumbar tract and have usually an insidious onset (45, 46) . Pain can be sudden and severe, especially in the lower back, so that movements are difficult or impossible. Multiple fractures may lead to progressive loss of stature and continuous contraction of the paraspinal musculature to maintain posture. It has been hypothesized that fractures occur because of an increased load on the spine cause by contraction of paraspinal muscles (47) and may produce only low-grade back pain, only rarely associated with neurologic deficits. Fatigued muscles and pain may continue even after the original compression fractures have healed (48) . There is a complexity and mix of inflammatory and neuropathic components and this should represent the basis for the choice of the clinic treatment of pain. In this situation, often a single agent is not enough and multiple mechanisms of action provide a rational basis for the use of combination therapy. In bone cancer pain, dual therapy with mu opioid receptor agonists and noradrenaline reuptake inhibitors (MOR/NRI) was shown to be effective in reducing neuropathic component of mixed pain (49) . A balanced and early multimodal pain therapy including opioids, as necessary, even in case of acute pain, improve the functional capacity of patients and helps to prevent neurological alterations, which seem to contribute in a significant way in causing irreversible pain chronic syndromes (50) . When treating OP related pain opioid-associated androgen deficiency (OPIAD) syndrome should be considered, as this could be related with an increased risk of OP; thus, despite that standards have not been established for monitoring and treating opioid-induced hypogonadism or hypoadrenalism, all patients chronically taking opioids (particularly at doses >100 mg morphine daily) should be monitored for the early detection of hormonal impairment and low bone mass density (51) .
Conclusions
Bone pain caused by OP is still a challenge for physicians. The initially silent thief becomes clinically relevant and painful only when fractures occur. Several important peripheral mechanisms are involved in this pathological process, such as: -sensory nerve fibers expressing TRPV1 and ASIC-3 are sensitized by lowering of pH during osteoclastic activity; -bone sensory nerve fibers undergo pathological modifications, such the expression of Trk A receptors; -a number of neuropeptides, such as SP, CGRP, VIP and NPY, synthesized in sympathetic nerve fibers and released from their peripheral terminals, are found in the bone and periosteum tissue during osteoporosis; -the increasing density of bone sensory nerve fibers in the elderly associated with a decreased bone mass density amplifies these mechanisms. These new findings should be considered when a therapeutic program is established to treat OP pain, in order to avoid pain under-treatment and central sensitization.
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